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Abstract 
This paper deals with operating speed and hazardousness on two-lane roads and will define the characteristics (components) of 
driving environments (scenarios) used in an analysis procedure developed by authors in a Decision Support System (DSS). 
DSS aims to identify infrastructure projects, given a total cost, suitable to produce maximum reduction of social cost of 
crashes. Results obtained are the improvement of the V85 formula and the trend of the Crash Index as a function of 
flow/capacity ratio in limited access two-lane roads. Both results show that limited access roads and at grade intersections 
roads must be handled as different scenarios. 
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1. Introduction 
The road safety study uses separate skills of those involved in the driver, vehicle and driving environment. 
Among those, road engineering has to assess the influence that the characteristics of the infrastructure have on the 
crash rate. Later, when necessary and technically possible, it should indicate how to modify the infrastructure in 
order to reduce the hazard of vehicular traffic. 
In Italy, the national road network is shared into various sized networks managed by different operators, such as 
municipalities, counties, regions, freeway contractors, etc. Some of these networks grow to thousands of 
kilometers and it’s easy to imagine that even in a short time period of programming many interventions should be 
expected. When the total cost of these interventions exceeds available funds it becomes necessary to make a 
selection. 
The authors have long been engaged in developing a Decision Support System (DSS) that allows to determine 
which safety countermeasures on a road network are more effective in reducing the social costs of crashes. The 
DSS procedure uses a suitable database and identifies the different environmental conditions (scenarios) which 
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realize along the network assessing the hazard (crash rate). For instance, different scenarios are represented by 
roads with carriageways shared by a traffic barrier and those with a single carriageway where the operating speed 
and crash rate assume significantly different values in the two cases. Hence, the two roads represent two different 
environments (scenarios) for vehicular traffic.  
In the first part of this paper, operating speed and crash rate of the three rural roads SS6, SS7 and SS372 used to 
calibrate the DSS procedure have been compared. The SS6 and SS7 are single carriageway two-lane roads with at 
grade intersections and private property access, while the SS372 is a limited access road with no property access. 
The second part of the present paper summarizes results shown in previous papers [7, 8], concerning a partial 
application of the DSS in two sections of SS6 and SS7, which cannot completely apply to the SS372. In fig. 1 a 
logical framework of the whole procedure is showed. 
 
 
Fig. 1: DSS procedure logical framework 
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2. Functional characteristics of two lane rural roads 
2.1. Road Data Collecting and Storage 
The study of single carriageway two-lane rural roads was made using DSS data. DSS data are grouped into four 
sections: geometry, traffic, traffic environmental conditions and crashes. The contents of the different sections of 
the DSS database have been extensively described in previous papers [7, 8]. In the present paper the authors will 
just give some information on speed measurements and traffic data. Both data are included in section three of the 
DSS database but they have been substancially manipulated. 
2.1.1. Speed measures and data process 
As an example we show the basic steps of the procedure relating to the survey of May 26, 2007 at km 59 +250 of 
SS372. The survey general conditions are showed in table 1. 
Table 1: general conditions survey on May 26, 2007 at km 59 +250 of SS372 
Environmental element Data 
Environmental conditions No rain and dry pavement 
Curve radius 600 m 
Longitudinal slope 2,80% 
Lane width 3,50 m 
Results have been subsequently formalized as showed in table 2. 
Table 2: calculation of speed 
N° Vehicle type Direction Time in the base Time out of base 'T (s) Base (m) Speed (km/h) 
1 C 2 0.00.14,80 0.00.15,68 0,88 23,00 94,09 
2 C 1 0.00.28,52 0.00.29,68 1,16 25,35 78,67 
Where C means Car and T stays for Truck.  
The total shooting time was 110’. Total time has beed shared in time intervals having the same traffic flow T. In 
each group mean, standard deviation and 85th percentile have been obtained from the speed distribution.  
The points (T, V85) have been interpolated with the equation 
V85 = 114,9 – 0,0137T        (U2 = 0,59) (1)
With the (1), the V85(400) value of 109,42 km/h can be obtained for a Traffic value T of 400 veh/h. The same 
procedure has been applied to other 32 sets of speed surveys carried out with different values of the horizontal 
curve radius, longitudinal slopes and density d of private properties per kilometer. These surveys have been 
carried out along many roads in Italy during the last years.  
Tab. 3: Extract of User Matrix used to carry out the functional relation between V85 and R, I and d 
Road Km Radius (m) Slope 1/R d V85(400) [km/h] 
SS 88   82+780 100 3,5% 0,01000 0,23 83,2 
SS 6 175+000 105 0,0% 0,00952 8,50 81,5 
SS 107 6+200 200 5,7% 0,00500 0,23 90,0 
SS 7 179+600 250 2,4% 0,00400 13,30 87,5 
SS 534 15+500 300 0% 0,00333 0,23 112,1 
SS 268 24+810 390 0% 0,00256 0,23 107,5 
SS 372 59+250 600 2,8% 0,00167 0,23 109,4 
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It has been possible to get the user matrix, partly showed in table 3, by which the (2) has been obtained with a 
multiple regression which relates the dependent variable V85 to the independent variables R (curve radius), I 
(longitudinal slope) and d (private property access density). 
890,08,124815,22,119 285   UdR
iV       (2) 
The (2) has been subsequently modified so that the speed decrease along the curve may depend not only on the 
radius but also on the approach speed to the curve. Equation (3) has been obtained. In table 4 V85 experimental 
values are compared to those obtained with (3). The correlation between the two series gives a U2 coefficient of 
0,890. 
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Tab. 4: comparison between V85 experimental values and V85 model (3) 
Road Km Radius (m) Slope 1/R d V85(400) [km/h] 
experimental 
V85(400) [km/h] 
model 
SS 88   82+780 100 3,5% 0,01000 0,23 83,2 81,43 
SS 6 175+000 105 0,0% 0,00952 8,50 81,5 78,17 
SS 107 6+200 200 5,7% 0,00500 0,23 87,4 90,95 
SS 7 179+600 250 2,4% 0,00400 13,30 87,5 79,98 
SS 534 15+500 300 0% 0,00333 0,23 112,1 108,49 
SS 268 24+810 390 0% 0,00256 0,23 107,5 110,87 
SS 372 59+250 600 2,8% 0,00167 0,23 109,4 114,93 
The (3) can be used to evaluate the driver behavior by means of  desired speed along different roads. If we put in 
the (3) i = 0 and R = f, the resulting speeds are distinguished just by the private property access density d (table 
5). The 2 roads with at grade intersections and private property access have approximate  desired speeds of 100 
km/h but on SS 372 the  desired speed is close to 120 km/h. 
Table 5:  desired speeds along the 3 roads under study 
Road d i R V85 [Km/h] 
SS372 0,23 0% f 118,79 
SS6 8,50 0% f 103,90 
SS7 13,30 0% f 95,26 
2.1.2. Traffic data processing 
Every day of the nine years under observation has been marked with a capital letter. Letters correspond to typical 
days of the Geneva Formula according to which surveys have been done. (table 6) 
Table 6: extract of 1996 days characterized according the Geneva Formula 
1996 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Wed. 3-C   3-E 1-G  3-E   2-C   
Thu. 4-C 1-C  4-E 2-H  4-E 1-E  3-C   
Fri. 5-D 2-C 1-C 5-E 3-E  5-E 2-E  4-C 1-A  
Sat. 6-A 3-D 2-D 6-F 4-F 1-F 6-F 3-F  5-D 2-A  
Sun. 7-A 4-A 3-A 7-G 5-G 2-G 7-G 4-G 1-G 6-A 3-A 1-A 
An estimate of the hourly traffic volume in the days indicated like in table 6 and related to year 2000 (table 7) has 
been obtained using hourly data of daily surveys and used to carry out the User Matrix of table 7. 
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Table 7: SS 6-km 173.100 - Sunday 23.10.2005-from 00 to 07 (oN)-from 07 to 19 (p) -from 19 to 24  (pN) 
Time Motorbike Cars Heavy veh. Total Total x 0,96 T*.approximated T**.with ET=1,5(1) 
00 - 01 0 192 3 195 187 200 200 
01 - 02 0 153 2 155 149 100 100 
        
22 - 23 0 295 32 327 314 300 300 
23 - 24 0 220 21 241 231 200 200 
(1)  ET is the Car equivalent of Heavy Vehicles 
The low traffic variations found in the nine years under observation and the rounding to the nearest hundred 
allowed to use year 2000 traffic data which is the central year of the nine under observation. Using this procedure 
it was possible to derive an estimate of the volume of traffic in the hour when the accident occurred and to derive 
the "user "matrix”. An extract is shown in Table 8. 
Table 8: Extract of the user matrix used to evaluate the relation between traffic and crash rate 
 Day and date time road km d/n d/w Inters. c/t R Dev. I% V./h Eq.V./h 
1 Sat.29.12.2001 14.45 S.S.6 171.000 d w Tlft t  329 1.0 300 300 
2 Sun.15.12.2002 18.00 S.S.6 171.350 n d Trgt c 125 103 -3.0 100 100 
3 Wed.17.11.2004 15.25 S.S.6 171.500 d d  t  2466  400 400 
4 Tue.22.01.2002 22.40 S.S.6 171.700 n w  t  2466 0.0 200 200 
5 Fri.03.05.1996 12.50 S.S.6  171.750 d d Tlft t  2466 0.0 600 700 
6 Fri.10.10.2003 19.50 S.S.6 171.750 n d Tlft t  2466 0.0 500 500 
Symbols reported in table 8 are: d/n day/night; d/w dry/wet; Inters. Intersection; Tlft T intersection left; Trgt T 
intersection right; c/t curve/tangent; R Radius; Dev Development of the horizontal element; I% longitudinal slope; 
V./h Vehicles per hour; Eq.V/h Equivalent vehicles per hour. Using data included in tables similar to 6 and 7 the 
exposure of each traffic class has been obtained along the three roads in the nine years under observation where 
the exposure P is given by  
LNTP uu  
Where T is central value of the Traffic class, N is the number of times the traffic class happens and L is the length 
of the road segment under observation. An example is reported in table 9. 
Table 9: Frequency of some T class in year 2000 and exposure over nine years on SS 6 
T(veic./h) Ni (leap year) Ni(no leap year) N=3(leap)+6(no leap) P 
300 1.036 1.034 9.312 46.094.400 
400 1.197 1.195 10.761 71.022.600 
500 1.459 1.454 13.101 108.083.250 
In the present paper, the crash Index Ii related to each traffic class has been evaluated as the ratio between the 
total number of vehicles involved in crashes and the exposure expressed in hundred of millions of vehicles 
kilometer. In tables 11, 12 and 13 the Ii index for the three roads under study is shown. Road capacity has been 
evaluated using the HCM 2000 methodology where the free flow speed (FFS) has been deduced by (3). In table 
10 capacitiy of the three roads under study are reported in equivalent vehicles per hour where PT is the percentage 
of heavy vehicles, fhv is the factor to adjust for the effect oh heavy vehicles and PM is the percentage of 
motorbikes. 
Table 10: capacitiy of the three roads under study 
Road V85(400) d d.s. Vm(400,d)=FFS C (eq.V/h) PT fhv PM C (v./h) 
SS 6 103,9 8,5 17 86,22 (85) km/h 2700 0,14 1,5 0,01 2250 
SS 7 95,26 13,3 16 78,62 (80) km/h 2400 0,16 1,5 0,01 1950 
SS 372 118,79 0,23 18 100,07 (100) km/h 3000 0,24 1,5 0,01 2200 
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Table 11: SS 6 Ii(T/C) 
T (veh./h) C(veh./h) T/C P=TxNx16,5 Ni (numb. of crashes) Ii 
100 2250 0.0444 24.849.000 19 142,98 
200 2250 0,0889 50.638.500 42 154,90 
300 2250 0,1333 46.094.400 19 76,98 
400 2250 0,1778 71.022.600 34 89,44 
500 2250 0,2222 108.083.250 41 70,99 
600 2250 0,2667 82.476.900 22 50,17 
700 2250 0,3111 56.826.000 18 58,98 
Table 12: SS 7 Ii(T/C) 
T (veh./h) C(veh./h) T/C P=TxNx29,8 Ni (numb. of crashes) Ii 
100 1950 0,0513 19.229.940 7 75,15 
200 1950 0,1026 66.692.400 17 51,75 
300 1950 0,1538 32.735.340 13 80,36 
400 1950 0,2051 145.829.280 31 43,31 
500 1950 0,2564 143.934.000 46 65,17 
600 1950 0,3077 184.682.520 33 36,39 
700 1950 0,3590 286.678.980 50 35,34 
800 1950 0,4103 149.548.320 22 29,92 
1.000 1950 0,5128 15.287.400 2 27,20 
Table 13: SS 372 Ii(T/C) 
T (veh./h) C(veh./h) T/C P=TxNx61,0 Ni (numb. of crashes) Ii 
100 2200 0.0455 25.217.400 3 22,86 
200 2200 0,0909 148.669.200 24 29,45 
300 2200 0,1364 109.031.400 14 24,66 
400 2200 0,1818 228.384.000 31 26.11 
500 2200 0,2273 147.132.000 20 26,11 
600 2200 0,2727 266.374.800 34 24,54 
700 2200 0,3182 424.907.700 44 19,88 
800 2200 0,3636 664.802.400 55 15,88 
The points in the plan (T/C, Ii) have been interpolated with three parabolas for the three roads under study. 
Equations are reported in table 14. X is the ratio T/C and y is the Ii previously introduced. The last column shows 
the correlation factor U2 between the y experimental value and the y analytical value.  
Table 14: parabola equations in the plan Ii-T/C 
Road Ii = f(T/C) Corr. Coeff. 
SS 6 y = 327,6 x2 – 360,4x  + 130,9 0,805 
SS 7 y = 290,0 x2 –  319,0x + 112,2 0,672 
SS 372 y = 161,2 x2 –  145,1x + 46,1 0,600 
In figure 2 only interpolating curves are shown. The three curves have all the same trend: heavy hazard if the 
traffic is low. The hazard decreases until a T/C value of 0,5 and then it increases again. If traffic tends to zero, the 
Ii values tend to a limit value which can be considered as a good indicator of the crash rate related to the 
infrastructural characteristics of the road under study.  
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Fig. 2: parabolas in the plan Ii-T/C 
2.2. Functional differences 
The two roads SS6 and SS7 having at grade intersections and SS 372 having limited access show different hazard 
levels and different  desired speed values. They can be characterized as different environments with different 
circulating quality. The presence of at grade intersections becomes a component which identifies SS6 and SS7 
scenarios different to those of SS372. In the remaining part of the paper, results obtained with a partial application 
of DSS to at grade intersection roads will be showed to make an example.  
3. The Decision Support System (DSS) 
3.1. The User Matrix 
The User Matrix includes all data regarding the nine years 1996-2004 and concerning 18 kms of SS6 and 30 kms 
of SS7. It has 20 columns; in the first fifteen all elements allowing to characterize crashes and environmental 
conditions are reported, in the last five columns events and their consequences are indicated (Table 15). Symbols 
and acronyms have already been detailed but Column (11): longitudinal grade (%); Column (12): S = sag, D = 
crest; Column (13): vertical radius (m); Column (14): absolute value of the difference in grade (%); Column (15): 
passenger car equivalent volume per hour; Column (16): event; Column (17): direction of the vehicle; Column 
(18), (19 and (20): number of fatalities, injured and vehicles involved. 
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Table 15 first part: extract of the User Matrix 
Date Time Road Km D/N Pav Int C/T R L 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
29.12.01 14.45 SS6 171.000 D W TLeft T  329 
15.12.02 18.00 SS6 171.350 N D TRight C 125 103 
17.11.04 15.25 SS6 171.500 D D  T  2,466 
03.05.96 12.50 SS6 171.750 D D TLeft T  2,466 
10.10.03 19.50 SS6 171.750 N D TLeft T  2,466 
08.04.96 0.30 SS6 172.000 N D X T  2,466 
30.05.99 20.30 SS6 172.000 N D X T  2,466 
06.06.00 15.30 SS6 172.000 D D X T  2,466 
Tab. 15 second part: extract of the User Matrix 
G S/C Rv 'i Pc/h Event Dir Fat Inj Veh 
(11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
1    300 Entry V   2 
-3    100 R-Turn C  4 2 
 S 5,000 4.0 400 Overt. C   2 
0    600 L-Turn C   2 
0    500 L-Turn C   2 
0    300 Pothole    1 
0    400 L-Turn C  1 2 
0    400 Overt. C  1 3 
3.2. Crash Scenarios and their hazard 
For a first definition of the scenarios and their hazard on both SS6 and SS7 sections the four scenario components 
having two possible values in the User Matrix (table 5) have been considered. Scenario components were: (1) 
light conditions (day/night), (2) pavement conditions (wet/dry), (3) intersection presence (yes/no), and (4) 
horizontal alignment (curve/tangent). If the four components vary, it is possible to obtain 24 scenarios (table 16). 
Table 16: scenarios having four components 
Scenario Components Realizations Crashes Fat Inj Veh 
I D Dy No T 17 27 6 36 60 
II D Dy No C 26 41 8 47 73 
III D Dy Yes T 62 100 4 125 224 
          
XVI N W Yes C 8 8 0 10 14 
The Average Daily Traffic (ADT) used to evaluate the crash index Ii or the frequency of crashed vehicles was 
estimated basing on traffic observations carried out by ANAS in 2005 at km 173+300 and extended to the whole 
road segment under observation. Its value of 8.446 veh/day is the sum of 5.955 veh/day traveled in daytime and 
2.684 vehicles/day traveled in the nighttime. Both have been subsequently shared in daily ADT on wet or dry 
pavement and night ADT on wet or dry pavement. Hence, the total number of vehicles traveled in nine years in 
the four different environmental conditions and along the road segment under study has been calculated as 
follows:  
TDAYTIME, DRY = AADTDAYTIME x Dry time = 5,955 x 0,9 x 365 x 9 = 17.604.315 veh. 
TDAYTIME, WET = AADTDAYTIME x Wet time = 5,955 x 0,1 x 365 x 9 = 1.957.860 veh. 
TNIGHTTIME, DRY = AADTNIGHTTIME x Dry time = 2,491 x 0,9 x 365 x 9 = 7.364.970 veh. 
TNIGHTTIME, WET = AADTNIGHTTIME x Wet time = 2,491 x 0,1 x 365 x 9 = 817.965 veh. 
If we assume as hazard measure the frequency of crashed vehicles over those traveled in table 17 the most 
dangerous scenarios can be ranked as shown in table 17.  
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Table 17: Scenarios in hazard rank 
Scenario  Components 
(lighting, pavement, intersection, alignment) 
Vehicles involved V Veh x 108/V 
VI D, W, No, C 140 1,957,860 7,150 
XIV N, W, No, C 35 817,965 4,279 
XV N, W, Yes, T 31 817,965 3,790 
VIII D, W, Yes, C 38  1,957,860 1,941 
VII D, W, Yes, T 37 1,957,860 1,890 
XVI N, W, Yes, C 13 817,965 1,589 
XIII N, W, No, T 12 817,965 1,467 
III D, Dr, Yes, T 212 17,604,315 1,204 
The largest number of vehicles involved in crashes was in the scenario III, whose realizations were in tangent 
intersections in daylight conditions and dry road. Scenario III was also the most dangerous in dry pavement. The 
most dangerous was scenario VI: daytime, wet pavement, no intersections, curve. Scenario XIV follows, where 
only light conditions change. These results indicate that two-lane rural highways are particularly hazardous in the 
curves with wet pavement and at the intersections when crossing speeds are high (daytime and dry pavement).  
3.3. Considerations on the most hazardous scenario 
In 19 realizations (curves) of scenario VI along 9,096 kms (sum of all curves included in the two road under 
study) of SS6 and SS7 in nine years 71 crashes happened, with the involvement of 140 vehicles, producing 113 
injuries and 9 fatalities occurred. In this case, it is more correct to evaluate the hazard with the crash index 
(frequency per unit length). The index has been evaluated for each scenario realization and varies not randomly 
but with values of the horizontal curvature. With the aim to evaluate the interdependence, horizontal curves were 
grouped in classes and the crash index has been evaluated for each class. If we associate to scenario VI 
environmental conditions (daylight, wet pavement, no intersections) the central value of each curve radius class, 
the eight scenario showed in table 18 can be obtained. In table 18 the number of vehicles traveled in nine years, 
fatalities, injured, vehicles involved, the ratio between the vehicles involved in crashes and vehicles traveled, the 
total length and the crash index are also shown. 
Table 18  Partition of scenario VI in 8 scenarios  having different values of the radius component 
Scenario Components Total 
vehicles 
Fat Inj Veh. Veh x 108/V L (km) I 
 
VI1 D, W, No,     75 1,957,860 1 23 37 1,890 0.212 8,914 
VI2 D, W, No,   125 1,957,860 5 48 48 2,451 0.885 2,770 
VI3 D, W, No,   175 1,957,860 1 13 10 511 0.401 1,274 
VI4 D, W, No,   225 1,957,860 2 11 11 562 0.725 775 
VI5 D, W, No,   275 1,957,860  11 15 766 1.147 668 
VI6 D, W, No,   400 1,957,860  4 8 409 1.618 253 
VI7 D, W, No,   750 1,957,860  8 8 409 1.828 224 
VI8 D, W, No, 1,250 1,957,860  3 3 153 2.280 67 
Looking closer at table 18, it is possible to note that the hazard can be considered very high if radius is lower than 
150 m, high if radius varies from 150 m to 300 m, low if radius is higher than 300 m. To simplify the 
characterization of high risk scenarios, scenario VI was split in just 3 new scenarios (Table 19). 
Table 19  Partition of scenario VI in 3 scenarios 
Scenario Components Total 
vehicles 
Fat Inj Veh. Veh x 108/V L (km) I 
 
VI1 D, W, No,     0<R   150 1,957,860 6 71 85 4,341 1.097 3,958 
VI2 D, W, No, 150<R   300 1,957,860 3 35 36 1,839 2.273    809 
VI3 D, W, No, 300<R1.500 1,957,860  15 19 970 5.726    169 
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It’s thinkable to make more logical partitions of the scenario VI or even of the individual scenarios VI1, VI2 VI3 
introducing parameters such as: longitudinal slope, speed difference between tangent and curve (permanence time 
on the tangent, transversal slope for the water height on the pavement. Nevertheless, this operation can give 
reliable results only if much many crash data are available in order to correctly define the hazard of each of the 
new scenarios. 
4. The choice of safety countermeasures 
4.1. Benefits 
Having scenarios showed in table 19, three different safety measures can be hypothesized:: 
1) Increase the radius of the curves with R < 150 m (scenario VI1) to values between 150 and 300 m (scenario 
VI2).  
2) Increase the radius of the curves with R < 150 m (scenario VI1) to values greater than 300 m (scenario VI3).  
3) Increase the radius of the curves having radius between 150 and 300 m (scenario VI2). to values greater than 
300 m (scenario VI3).  
In the logical hypothesis that the transformed starting scenario obtain the hazard of the arriving scenario, the 
benefits deriving from the possible safety countermeasures 1), 2) or 3) are given by equations like the following 
one, valid for 1). 
'C1,2)VI=[Cfatx6/(1,957,860x1.097)+Cinjx71/(1,957,860x1.097)+Cvx85/(1,957,860x1.097)]xT1x1.097  
  – [Cfatx3/(1,957,860x2.273)+ Cinj x35/(1,957,860x2.273)+ Cvx36/(1,957,860x2.273)]xT1xL1= 10.780.869 € 
where 'C1,2)VI is the cost difference between the social cost of the scenario VI1 and the scenario VI2 in the time 
period where total traffic is T1; Cfat, Cinj, Cv are respectively the social cost of a fatality, an injury, and a damaged 
vehicle; L1 = 2468 kms is the total length of scenario VI1 after the conversion (R < 150 to 150 < R < 300). T1 is 
the total number of vehicles traveled in the time period decided for the depreciation of the intervention. In a ten 
year time period it is T1 = 2.175.400 vehicles. 
The social cost of fatalities and injuries were defined in the Italian National Road Safety Plan, with the cost of a 
fatality equal to 1,394,000 € and the cost of an injury equal to 73,600 €. The cost of a damaged vehicle was drawn 
from the UK estimates (DfT, 2007) and is equal to about 3,000 € per vehicle involved in the crash. 
Benefits of the safety measure in daylight conditions and wet pavement 'C1,2)VI must be increased to take into 
account the benefits resulting in other environmental scenarios: II, X and XIV. Scenario II can be shared in the 
three scenarios of table 20.  
Table 20  Partition of scenario II in 3 scenarios 
Scenario Components Total 
vehicles 
Fat Inj Veh. Veh x 108/V L (km) Ii 
 
II1 d, a, no,      0<r   150 17.604.315 5 28 30 170 1,097    155 
II2 d, a, no,  150<r   300 17.604.315 2   6 16   91 2,273      40 
II3 d, a, no,  300<r1.500 17.604.315 1 12 20 114 5,726      20 
The effect of the increase of horizontal radius from values lower than 150m to 150 < R < 300 values will be a 
decrease of the crash social cost given by 
'C1,2)II = [Cmx5/(17.604.315x1,097)+Cfx28/(17.604.315x1,097)+Cvx30/(17.604.315x1,097)]xT1x1,097 +    
 - [Cmx2/(17.604.315x2,273)+ Cfx6/(17.604.315x2,273)+ Cvx16/(17.604.315x2,273)]xT1xL1=7.977.297€ 
Where T1 is the total traffic in ten years i.e. 19.560.350 and L1 is 2.468 km. In the same way it is possible to 
evaluate further benefits  'C1,2)X e 'C1,2)XIV. The safety countermeasure will produce a decrease of crash social 
cost given by 
'C1,2 = 'C1,2)VI + 'C1,2)II + 'C1,2)X + 'C1,2)XIV (4) 
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4.2. Costs
The estimate of safety countermeasures costs has been done with reference to public works actually under 
construction on the SS6. Costs showed in table 21 have been obtained. 
Table 21: estimated costs of safety countermeasures 
Countermeasure Details Cost 
I R = 100m; Dev = 80m;  R = 225m; Dev = 180m € 235.260 
II R = 100m; Dev = 80m;  R = 350m; Dev = 280m € 365.960 
III R = 225m; Dev = 100m;  R = 350m; Dev = 225m. € 294.075 
The total cost for countermeasure I) (0 < R d 150  150 < R d 300) is 3.528.900,00 €. 
4.3. Selection of the safety countermeasures 
If we believe that the hazard of the realizations of each scenario are the determinations of a single random 
variable, the average hazard of the realizations of a scenario can be considered an estimate of the probability for a 
vehicle traveling on one of them to be involved in an crash. 
To generalize the equations and formulas derived in the previous paragraphs, let’s consider the most dangerous 
scenario and be fi the frequency of the crashed vehicles over those traveled through a scenario realization. An 
infrastructural safety countermeasure which converts a scenario into another one having a crash frequency f2< f1 
in a single realization produces a benefit not exactly predictable, but whose average value is proportional to the 
difference  f1- f2. 
If V1 is the forecast volume of traffic that will pass in a predetermined period of time along the most dangerous 
scenario realization, it is reasonable to assume that the decrease in the number of vehicles involved in crashes 
after conversion will be: 
'N1,2 = V1(f1- f2)  (5) 
If hazard is evaluated with the crash index Ii it will be 
'N1,2 = V1(I1-I2)xL1 (5’) 
After the evaluation of the ratios between the number of fatalities and the involved vehicles (m) and between the 
number of injuries and the involved vehicles (t), the change in the crash social cost 'C1,2 is equal to: 
'C1,2 = V1[(f1 – f2)Cv + (f1t1 – f2t2)Cf + (f1m1 – f2m2)Cm] (6) 
In case of scenarios characterized by the crash index Ii, the (6) becomes 
'C1,2 = V1[(I1 – I2)Cv + (I1t1 – I2t2)Cf + (I1m1 – I2m2)Cm]xL1 (6’) 
The conversion not only results in the direct benefit 'C1,2 but also in additional benefits such as those previously 
described. They can be calculated with formulas like (6) or (6 '). 
In an extended road network, road safety improvement is rarely consistent with available budget. It follows that 
the programming of interventions on existing roads should be made so as to achieve the maximum reduction in 
the social cost of crashes. To optimize safety benefits, it is possible to characterize all the crash scenarios and sort 
them in hazard order (Table 17). The ith scenario can be converted in one or more less hazardous scenario, jth, with 
j > i. Each scenario conversion can be carried out with one or more safety measures and it is possible to evaluate 
the cost Si,j. The total benefit ('Ci,jcan be estimated with equation 6 or 6’. If a certain financial resource F is 
available, the choice of the scenario conversion group on a certain road network can be done searching among 
groups having a total cost (6 Si,j = F) the group in which the total benefit G is maximum (6 ('Ci,j ) = Gmax). 
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5. Conclusion 
In the present paper the operating speed has been used for the first time in a DSS procedure and in the User 
Matrix the estimate of traffic in the hours in which crashes have happened has been introduced. The desired speed 
and the trend of the crash rate with traffic have distinguished two roads under study, the SS6 and SS7 having at 
grade intersections and private property access from the third one under study, the SS 372 having limited access 
control. The procedure applied to the first two roads showed the following statements: 
x in a given road network, the identification of high-risk crash situations requires the availability of a database 
managed via software; 
x parameters to be introduced in the database, both with regard to the environmental conditions and crashes, after 
a first selection as the one that led to the user matrix of the present work must arise by requirements coming 
out in the operational phase; 
x a hazard rank is not enough to establish the priorities for safety countermeasures but it is necessary to choose 
between sets of interventions having the same cost the one that produces the maximum benefit. 
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